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1
IMAGE DISPLAY APPARATUS HAVING A
LIGHT GUIDE UNIT REFRACTING
INCIDENT LIGHT FROM A SCREEN TO A
SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image display appara-
tus.

2. Description of the Related Art

Recently, an image display apparatus having display pan-
els, such as a panel having a liquid crystal panel and a back-
light, and an organic electroluminescence (EL) panel, and the
like, has been used for various purposes. In particular, an
image display apparatus used for printing or medical indus-
tries, and the like, needs to reproduce colors and therefore, is
released in a state in which image quality parameters (bright-
ness, chromaticity, and the like) or uniformity characteristics
are calibrated. However, the display panel is deteriorated over
time due to installation environment, temperature, and the
like, of the image display apparatus and therefore, the image
quality parameters are changed. For this reason, the image
display apparatus requires periodic calibration processing
(processing that measures light from a screen using a photo-
metric sensor and corrects the image quality parameters
based on the measured value). It is possible to continuously
perform a desired color reproduction display by periodically
perform calibration processing. Further, in the calibration
processing, the screen is partially covered by the photometric
sensor so as to measure light from the screen. In the related
art, an image display apparatus having a movable photometric
sensor that is hidden in an exterior case when not performing
photometry and moves on a screen when performing photom-
etry has been proposed (Japanese Patent Application Publi-
cation No. 2005-208548).

Hereinafter, the image display apparatus disclosed in Japa-
nese Patent Application Publication No. 2005-208548 will be
described with reference to FIG. 17.

FIG. 17 is a front view of the image display apparatus
disclosed in Japanese Patent Application Publication No.
2005-208548.

An image display apparatus 301 has a structure in which a
display panel 302 displaying an image is accommodated in an
exterior case configured of a bezel 303 and a rear cover. The
bezel 303 is provided with an opening 303« having approxi-
mately the same dimensions and approximately the same
shape as the screen of the display panel 302. The screen of the
display panel 302 is exposed by the opening 303a. A front
sensor unit 304 including a photometric sensor is disposed in
the vicinity of a corner of the opening 303a. The front sensor
unit 304, which is a movable type, can be rotated in the
vicinity of a corner of the bezel 303. The photometric sensor
is disposed on the screen of the display panel 302 when
performing the photometry and is accommodated in the bezel
303 when not performing the photometry.

SUMMARY OF THE INVENTION

As described above, in the image display apparatus dis-
closed in Japanese Patent Application Publication No. 2005-
208548, the photometric sensor is disposed on the screen only
when performing photometry. For this reason, in the image
display apparatus disclosed in Japanese Patent Application
Publication No. 2005-208548, a viewing of a user is not
disturbed by the photometric sensor unless the photometry is
performed.
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2

However, in the image display apparatus according to the
related art that includes the image display apparatus disclosed
in Japanese Patent Application Publication No. 2005-208548,
light from a local area on the screen is measured by the
photometric sensor. In the case of a configuration that mea-
sures light from the local area, there is a case in which unde-
sirable measured values are obtained due to the usage envi-
ronment of the image display apparatus, and the like.

For example, when dust, and the like, sticks to the local
area, incorrect measured values are obtained. When perform-
ing the calibration processing based on the measured values,
the desired color reproduction display cannot be performed.

Further, when the temperature of the local area is largely
different from that of other areas due to the surrounding
environment of the image display apparatus, and the like, the
display characteristics of the display panel in the local area
are different from those in other areas. For this reason, the
measured values of light that is largely different from light
from the area other than the local area on the screen are
obtained. When performing the calibration processing based
on the measured values, the desired color reproduction dis-
play cannot be performed in the area other than the local area
on the screen.

The present invention provides an image display apparatus
capable of measuring light from a screen with high precision.

An image display apparatus according to the present inven-
tion, comprises:

a display panel displaying an image on a screen; and

a photometric unit measuring light incident from the
screen,

wherein the photometric unit includes:

a sensor measuring the incident light; and

a light guide unit refracting the incident light and guiding
the refracted light to the sensor.

According to the present invention, it is possible to mea-
sure light from a screen with high precision.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded view of an image display apparatus
according to a first embodiment;

FIG. 2 is an exploded view of a display module according
to the first embodiment;

FIG. 3 is a front view of a liquid crystal panel according to
the first embodiment;

FIG. 4 is an exploded view of a front sensor unit according
to the first embodiment;

FIG. 5 is a cross-sectional view of the front sensor unit
according to the first embodiment;

FIG. 6 is ablock diagram illustrating a configuration of the
image display apparatus according to the first embodiment;

FIG. 7 is an exploded view of a display module according
to a second embodiment;

FIG. 8 is a front view of a liquid crystal panel according to
the second embodiment;

FIG. 9 is a flow chart illustrating a sequence of calibration
processing according to the second embodiment;

FIGS. 10A and 10B are diagrams illustrating a quantity of
light of each LED according to the second embodiment;

FIGS. 11A and 11B are diagrams illustrating brightness
distribution on a screen according to the second embodiment;

FIG. 12 is a front view of aliquid crystal panel according to
a third embodiment;
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FIGS. 13A and 13B are diagrams illustrating brightness
distribution on a screen according to the third embodiment;

FIG. 14 is a schematic diagram illustrating another liquid
crystal panel according to the third embodiment;

FIG. 15 is a schematic diagram illustrating another liquid
crystal panel according to the third embodiment;

FIG. 16 is a schematic diagram illustrating still another
liquid crystal panel according to the third embodiment; and

FIG. 17 is a front view of an image display apparatus
according to the related art.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

Hereinafter, an image display apparatus according to a first
embodiment of the present invention will be described with
reference to the drawings.

First, a structure of the image display apparatus according
to the first embodiment will be described with reference to
FIG. 1. FIG. 1 is an exploded view of the image display
apparatus according to the first embodiment.

An image display apparatus 1 has a structure in which a
display module 10 and a circuit board group 20 disposed at a
rear side of the display module 10 are accommodated in an
exterior case configured of a bezel 2 and a rear cover 3. The
bezel 2 is disposed at a front of the display module 10 and the
rear cover 3 is disposed at the rear side of the display module
10 and the circuit board group 20. The circuit board group 20
includes a system board 21 that perform image processing,
and the like, on an input image signal and a power board 22
that supplies power to the display module 10, the system
board 21, and the like. The image display apparatus 1 is
supported from a rear thereof by a stand 60 or a clasp for
hanging on walls (not illustrated).

Next, a structure of the display module 10 will be described
with reference to FIGS. 2 and 3. FIG. 2 is an exploded view of
the display module 10. FIG. 3 is a front view of a liquid crystal
panel 11.

The display module 10 has a structure in which a backlight
board 12 as a backlight is disposed on a rear side of the liquid
crystal panel 11. The liquid crystal panel 11 has a plurality of
liquid crystal elements of which transmittance is controlled
based on an image signal. A surface of the backlight board 12
is provided with a plurality of light emitting diodes (herein-
after, LEDs) 12a at an approximately equidistance. Light
from the backlight board 12 (a plurality of LEDs 12a) trans-
mits the liquid crystal panel 11 to display an image. That is,
the display panel is configured of the liquid crystal panel 11
and the backlight board 12. Hereinafter, in the display panel
(specifically, the liquid crystal panel 11), a surface on which
an image is displayed is referred to as a screen. The liquid
crystal panel 11 has a rectangular screen.

The liquid crystal panel 11 has a structure in which liquid
crystal elements (liquid crystal material) are inserted between
two sheets of glass boards. An edge of the liquid crystal panel
11 is provided with a flexible wiring board 11a on which a
driving IC is mounted. The liquid crystal panel 11 is con-
nected with the system board 21 via the flexible wiring board
11a. Further, the liquid crystal panel 11 has a side wall 115
disposed therearound so that the inside of the liquid crystal
panel 11 is in an airtight state or wiring is made. Further, when
viewing the liquid crystal panel 11 from the front, a screen is
disposed in an inner side of the side wall 115. An area 11¢ of
the screen includes a first display area 11d that is a rectangular
area in which any image is displayed and a second display
area 11e which is adjacent to an edge of the first display area
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4

114 and on which a predetermined image displayed. The
predetermined image is, for example, a patch image, a pattern
image, and the like, for performing calibration processing
(processing that measures light from a screen using a photo-
metric sensor and calibrates image quality parameters of a
display panel (brightness, chromaticity, and the like), based
on the measured values). Further, the area 11c¢ of the screen
may include an area other than the first display area 114 and
the second display area 11e. The area 11c¢ of the screen may
include only the first display area 11d.

The liquid crystal panel 11 is held by being inserted
between a front case 13 and a rear case 14 which are frame
bodies. The front case 13 is provided with an opening 13«
having approximately the same dimensions and approxi-
mately the same shape as the first display area 11d. Further,
the bezel 2 has a similar opening. By these openings, the first
display area 114 of the screen is exposed. The dimension or
the shape of the opening is not limited thereto. The opening
may have the same dimension and the same shape as the
overall area of the screen. The opening of the front case 13 and
the opening of the bezel 2 may have different dimensions or
shapes.

A front sensor unit (photometric unit) 30 that measures
light from the screen is disposed between the liquid crystal
panel 11 and the front case 13. The front sensor unit 30 has a
measuring surface that is a surface to which measured light is
incident, and the front sensor unit 30 is provided so that the
measuring surface faces the screen. In the first embodiment,
the front sensor unit 30 is disposed so that the measuring
surface faces the second display area 11e of the screen. The
measuring surface is disposed along one edge of the screen (in
the first embodiment, an edge of a bottom surface). Further, a
length of the measuring surface in a direction along an edge of
the above-mentioned screen is approximately the same length
as the edge. The detailed structure of the front sensor unit will
be described below in detail.

Further, the backlight board 12 is held from a rear thereof
by a chassis 15. By the liquid crystal panel 11, the front case
13, the rear case 14, and the chassis 15, the inside of the
display module 10 is sealed, and light from the outside is
shielded on a surface other than a surface (screen) at a front of
the display module 10. Although not illustrated, optical mem-
bers, such as a diffusing plate, a prism sheet, and the like, are
disposed between the liquid crystal panel 11 and the backlight
board 12. With such a configuration, light emitted from the
backlight board is uniformly irradiated to the rear (an area
corresponding to the area 11c¢ of the screen) of the liquid
crystal panel 11.

Next, a structure of the front sensor unit 30 will be
described with reference to FIGS. 4 and 5. FIG. 4 is an
exploded view of the front sensor unit 30. FIG. 5 is a cross-
sectional view of the front sensor unit 30 obtained by a surface
which is vertical to the screen and parallel to an edge of a side
on which the measuring surface is provided.

The front sensor unit 30 includes a sensor board 31 on
which a photometric sensor 31a is mounted, a light guide
plate 32 that refracts light from the screen of the liquid crystal
panel 11 and guides the refracted light to the photometric
sensor 31a, and a cover 33 that holds the sensor board 31 and
the light guide plate 32. Further, the sensor board 31 (photo-
metric sensor 31a) is connected with the system board 21 via
a connection cable 40.

The photometric sensor 31a is a photo sensor configured
of, for example, a photodiode and can measure a light quan-
tity of wavelengths of red, green, and blue of light that is
incident to a light receiving surface. In the first embodiment,
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the photometric sensor 31a measures light emitted from a
light emitting surface of the light guide plate 32.

The light guide plate 32 has an incidence surface that is a
measuring surface and a light emitting surface that emits light
incident to the incidence surface to the outside. As described
above, the incidence surface (measuring surface) faces the
second display area of the screen. Further, the light emitting
surface faces the photometric sensor 31a (specifically, the
light receiving surface of the photometric sensor 31a).

Further, in the first embodiment, surfaces other than the
incidence surface and the light emitting surface of the light
guide plate 32 are formed of a reflecting surface that reflects
the irradiated light. In the first embodiment, the reflecting
surfaces are inclined to the light emitting surface and reflect
light incident to the incidence surface toward the light emit-
ting surface. With such a configuration, it is possible to sup-
press a variation in loss until light incident to each position of
the incidence surface reaches the light emitting surface.

In addition, in the first embodiment, a diffusing agent is
added to the inside of the light guide plate. A concentration of
the diffusing agent is set to be higher as the diffusing agent is
farther away from the photometric sensor 31a. With such a
configuration, it is possible to suppress a variation in loss until
light incident to each position of the incidence surface reaches
the light emitting surface.

Further, as a material of the light guide plate 32, any mate-
rial transmitting light may be used and a milk-white resin
material, and the like, may be used.

Note that, in the first embodiment, the light guide plate 32
has a square pillar shape, but the shape of the light guide plate
is not limited thereto. As long as the light incident to the
incidence surface is emitted from the light emitting surface,
any shape may be used. For example, a surface (for example,
the reflecting surface) of a part of the light guide plate 32 may
be curved.

The cover 33 supports the light guide plate 32 and the
sensor board 31. Specifically, the light guide plate 32 is
bonded to the cover 33 using an adhesive or a double-sided
adhesive tape. A method for supporting the light guide plate
32 is not limited thereto. For example, the light guide plate 32
may be hot-melt-adhered to the cover 33. The sensor board 31
is fixed to the cover 33 by using screws 50. Further, the cover
33 covers the circumference of the light guide plate 32 (spe-
cifically, the reflecting surface of the light guide plate 32) and
the sensor board 31 (specifically, the photometric sensor
31a). With such a configuration, the external light to the front
sensor unit 30 is shielded.

Next, the calibration processing by the image display appa-
ratus according to the first embodiment will be described with
reference to FIG. 6. FIG. 6 is a block diagram illustrating a
configuration of the image display apparatus according to the
first embodiment.

As illustrated in FIG. 6, the image display apparatus 1
includes an image processing unit 101, aliquid crystal driving
unit 102, a backlight driving unit 103, a display unit 104, a
backlight unit 105, a sensor unit 106, a control unit 107, a
memory unit 108, and the like. The display unit 104 is the
foregoing liquid crystal panel 11, the backlight unit 105 is the
foregoing backlight board 12, and the sensor unit 106 is the
foregoing photometric sensor 31a.

The image processing unit 101 performs image processing
on the image signal (input image signal; any image signal)
input from a personal computer (hereinafter, “PC”), and the
like. Specifically, the image processing is performed on the
input image signal so that the brightness and/or the chroma-
ticity of the displayed image (the image based on the input
image signal) are desired values. Further, a patch image signal
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(a predetermined image signal) is added to the input image
signal so that the patch image is displayed in the second
display area 11e of the liquid crystal panel 11. The patch
image is an image required to perform calibration processing.
In the first embodiment, since the patch images of multiple
colors are sequentially displayed over the second display area
11e, the image processing unit 101 adds the patch image
signal of one color to the input image signal. However, the
first embodiment is not limited to the above configuration.
The plurality of patch image signals may be added to the input
image signals so that the plurality of patch images having
different colors are simultaneously displayed in the second
display area 11e. The displayed patch image may be one type.
The image processing unit 101 outputs the input image signal
(added with the patch image signal), having subjected to the
image processing, to the liquid crystal driving unit 102 and
the backlight driving unit 103.

The liquid crystal driving unit 102 controls the transmit-
tance of the display unit 104 (each liquid crystal element)
according to the image signal output from the image process-
ing unit 101.

The backlight driving unit 103 controls the luminescent
brightness of the backlight unit 105 (each LED) according to
the image signal output from the image processing unit 101.
For example, the backlight driving unit 103 performs a local
dimming control that makes luminescent brightness of an
area having a low gradation value (dark pixel value) be lower
than that of an area having a high gradation value (bright pixel
value). The control is performed on the LED that corresponds
to the first display area 11d (the area in which the image based
on the input image signal is displayed). The luminescent
brightness of an LED corresponding to the second display
area 11e (the area in which the patch image is displayed) is
controlled to be the predetermined luminescent brightness.

By the foregoing control, the light from the backlight unit
105 is irradiated to the display unit 104, the image based on
the input image signal is displayed in the first display area 114
of'the screen, and the patch image is displayed in the second
display area 11e.

The sensor unit 106 outputs the signal (measured values)
according to the brightness and/or chromaticity of light inci-
dent to the light receiving surface.

The control unit 107 controls the image processing unit
101 based on the measured values of the sensor unit 106.
Specifically, the image processing performed by the image
processing unit 101 is controlled so that the measured values
become desired values. More specifically, parameter values
used in the image processing are changed. As a result, it is
possible to display the image based on the input image signal
at the desired brightness and/or chromaticity.

Note that the control unit 107 may write, in the memory
unit 108, the parameter values (the parameter values used in
the image processing) determined based on the measured
values. And the image processing unit 101 may read the
parameter values from the memory unit 108 when the next
image processing is performed.

In the first embodiment, the measuring surface facing the
screen is disposed along an edge of the screen and a length of
the measuring surface in a direction along the edge of the
screen is approximately the same as the length of the edge of
the screen. With this configuration, it is possible to measure
the light from a wide area of the screen. Specifically, it is
possible to measure light from the area in which the length in
a direction along an edge of the screen is approximately the
same as the length of the edge of the screen, as an area along
the edge of the screen. As a result, it is possible to prevent the
more undesirable measured values according to the usage
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environment of the image display apparatus, and the like,
from being obtained and to measure the light from the screen
with high precision (thereby, it is possible to realize calibra-
tion processing with excellent precision). Specifically, even
when undesirable light is emitted from the local area of the
screen due to dust sticking to the screen, and the like, an effect
of light on the measured values may be reduced. More spe-
cifically, according to the first embodiment, a value that indi-
cates a sum of light incident to each position of the measuring
surface is obtained as a measured value. For this reason, even
though undesirable light is incident to the local area of the
measuring surface, desired light is incident to other areas of
the measuring surface, such that the effect of the undesirable
light on the measured values may be reduced.

In addition, in the first embodiment, the area of the screen
is divided into the first display area and the second display
area. Further, the front sensor unit is disposed so that the
measuring surface faces the second display area. With such a
configuration, it is possible to measure the light from the
screen without hindering the viewing of any image.

Note that, in the first embodiment, even though the image
display apparatus is configured to perform calibration pro-
cessing, the calibration processing (for example, the calcula-
tion of the parameter values of the image processing) may be
performed in another apparatus.

Also note that, even though the first embodiment describes
the example of the case in which the display panel is config-
ured of the liquid crystal panel and the backlight, the display
panel is not limited thereto. The display panel may be a
plasma display panel, an organic electroluminescence (EL)
display panel, and the like.

Further, an external light sensor for measuring external
light (environmental light) may be disposed in the exterior
case (bezel). The calibration processing may be performed in
consideration of the effect of the environmental light on the
brightness and/or chromaticity of the displayed image.

Further, a spectral sensor may be used as the photometric
sensor.

Also note that, even though the first embodiment describes
that the measuring surface is disposed along a long length
direction (horizontal direction) of the screen of the image
display apparatus, the measuring surface may be disposed
along a short length direction (vertical direction) of the
screen.

Further, a temperature sensor which measures temperature
in the vicinity of the photometric sensor may be disposed. The
measured values of the photometric sensor may be calibrated
to reduce the effect of temperature.

Further, a size of the measuring surface may not be equal to
the second display area. The size of the measuring surface
may be larger or smaller than that of the second display area.
The measuring surface may entirely cover the second display
area or partially cover the second display area.

Also note that, even though the first embodiment describes
a configuration in which the front sensor unit has the light
guide plate and the photometric sensor, the configuration of
the front sensor unit is not limited thereto. The front sensor
unit may have a plurality of photometric sensors that is
arranged on the screen.

The incidence surface, the light emitting surface, or both
surfaces of the light guide plate may be provided with a
plurality of first projections and depressions (minute projec-
tions and depressions) (may be subjected to surface textur-
ing). As aresult, it is possible to increase a quantity of light on
the light receiving surface of the photometric sensor.

In addition, the front sensor unit is preferably disposed at a
side at which the driving IC and the flexible wiring board of

20

25

30

35

40

45

65

8

the display panel are not disposed. As a result, it is possible to
reduce the effect on the measured values (the measured values
of the front sensor unit) due to the change in temperature of
the driving IC and the flexible wiring board. A non-flexible
wiring board (a circuit board which is not flexible) may be
used instead of the flexible wiring board.

Further, the incidence surface of the light guide plate is
preferably provided with a plurality of second projections and
depressions which have a smaller pitch as being farther away
from a sensor. The light incidence surface of the light guide
plate is preferably provided with a plurality of third projec-
tions and depressions which have a longer distance between
an apex portion of a protruded portion and a deepest portion
of'a depressed portion as being farther away from the sensor.
It is preferable that a length of the incidence surface of the
light guide plate in a direction vertical to a direction along an
edge of'the screen in a surface parallel to the screen is setto be
longer as being farther away from the sensor. It is possible to
suppress a variation in loss until light reaches the light emit-
ting surface of light incident to each position of the incidence
surface by adopting at least any one of the three configura-
tions.

Note that the first to third projections and depressions may
be the same.

Second Embodiment

Hereinafter, an image display apparatus according to a
second embodiment of the present invention will be described
with reference to some drawings. Note that a description of
the same configuration as that of the first embodiment will not
be repeated.

A structure of the image display apparatus and a display
module according to the second embodiment will be
described with reference to FI1G. 7. FIG. 7 is an exploded view
of the display module according to the second embodiment.

The display module according to the second embodiment
has an edge light type backlight board 18 in which a plurality
of light sources (LEDs 12a) is disposed along an edge of the
screen, instead of the backlight board 12 according to the first
embodiment. In an example of FIG. 7, the backlight board 18
includes an LED board 19 on which the plurality of LEDs 12a
is mounted, a BL light guide plate 16, and a reflective sheet
17. The BL light guide plate 16 includes an incidence surface
(BL incidence surface), a light emitting surface (BL light
emitting surface), and a reflecting surface (BL reflecting sur-
face). The BL incidence surface, which is a surface of the
bottom side, is a surface to which light from the LED board 19
is incident. The BL light emitting surface, which is a surface
of'a front side, is a surface that faces the rear of a liquid crystal
panel 11 and emits light incident from the LED board 19. The
BL reflecting surface, which is a surface of a rear side of the
LEDboard 19, is a surface that reflects light incident to the BLL
incidence surface toward the BL light emitting surface. The
BL reflecting surface is formed by attaching the reflective
sheet 17 to the BL light guide plate 16. The reflective sheet 17
is a sheet serving to reflect light. The LED board 19 is pro-
vided on the bottom side of the BL light guide plate 16.

In the second embodiment, a front sensor unit is disposed
so that a measuring surface is disposed along an edge of the
screen of a side (bottom side) on which the LEDs 12qa are
disposed. Further, the second display area of the screen is an
area according to the edge of the screen of the side at which
the LEDs 124 are disposed.

Next, the calibration processing by the image display appa-
ratus according to the second embodiment will be described
with reference to FIGS. 8 and 9. FIG. 8 is a front view of the
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liquid crystal panel 11 illustrating a patch image displayed at
the time of performing the calibration processing according
to the second embodiment. FIG. 9 is a flow chart illustrating
a sequence of the calibration processing. The calibration pro-
cessing may be performed by the same method as in the first
embodiment.

First, an image processing unit 101 adds a patch image
signal to an input image signal such that the patch image is
displayed in an area of a part of the screen (an area of a part of
the second display area 11e) (S101). In the second embodi-
ment, a white patch image, of which the length in a direction
along an edge (an edge of a screen) of a side at which a front
sensor unit 30 is disposed is shorter than the second display
area 11e, is displayed. The patch image is displayed at any one
of a plurality of predetermined positions within the second
display area 11e. The plurality of predetermined positions is
a plurality of positions arranged in a direction along the edge
(the edge of the screen) of the side at which the front sensor
unit 30 is disposed. In addition, in the second display area
11e, an area other than the area in which the patch image is
displayed is displayed with a black image.

Next, the light from the screen is measured by the photo-
metric sensor 31a (S102). In this case, the measured values
represent light from the area in which the white patch image
is displayed.

The measured values (the values obtained in S102) of the
photometric sensor 31a is written in the memory unit 108 by
the control unit 107.

Next, the control unit 107 determines whether the patch
images are displayed at all the positions (S104).

When the patch images are not completely displayed at all
the positions (No in S104), the control unit 107 orders the
image processing unit 101 to change the positions at which
the patch images are displayed (S105). Specifically, the con-
trol unit 107 orders the image processing unit 101 to display
the patch image at the next position. In the second embodi-
ment, it is considered that the positions at which the patch
images are displayed are sequentially switched from a posi-
tion at one end to a position at the other end in a direction
along the edge (the edge of the screen) of the side at which the
front sensor unit 30 is disposed. In an example of FIG. 8, the
positions at which the patch images are displayed are sequen-
tially switched from a position at a left end to a position at a
right end. Further, the switching sequence of the display
positions is not limited thereto. For example, the display
positions may be randomly switched.

When the patch images are completely displayed at all the
positions (Yes in S104), the control unit 107 reads the mea-
sured values at all the positions from the memory unit 108.
Further, the control unit 107 controls the image processing
unit 101 based on a sum of the read measured values (the
parameter values used for the image processing are changed
(calibrated)) (S106).

Further, according to the configuration of the second
embodiment, an area in which undesirable light is generated
at the time of performing the calibration processing, such as
an area to which foreign materials stick, an area in which the
LEDs 12a are deteriorated, and the like, can be specified.
Hereinafter, this will be described in detail with reference to
FIGS.10A,10B,11A, and 11B. FIGS. 10A and 10B illustrate
quantities of light of each LED 124. FIG. 10A illustrates an
example of the case in which the quantities of light of respec-
tive LEDs 12a are uniform, and FIG. 10B illustrates an
example of the case in which those are not uniform. FIGS.
11A and 11B illustrate the brightness distribution on the
screen when a uniform image is displayed. FIG. 11A illus-
trates an example of the case in which the quantities of light
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of respective LEDs 12a are uniform, and FIG. 11B illustrates
an example of the case in which those are not uniform.

In the edge light type backlight that is using a point light
source such as the LED 12a, the light from the respective
LEDs 12a is combined one another in the BL. light guide plate
16 s0 as to be emitted from the BL light emitting surface. The
point light source such as the LED 12a has directivity. For this
reason, as illustrated in FIGS. 10A and 10B, the light from the
LED 12a is not much diffused in the vicinity of the LEDs 12a
(broken lines of FIGS. 10A and 10B represent the quantities
of light of respective LEDs 12a and are equal light quantity
lines obtained by connecting points having the same quanti-
ties of light). As a result, light relatively more including the
light from the LED 124 is emitted from an area in the vicinity
of'the LED 12a of the BL light emitting surface. Further, the
relative amount of light from another LED 124 included in the
light emitted from the BL light emitting surface increases as
the distance from the LED 12a increases.

As illustrated in FIG. 10A, when the quantities of light
from all the LEDs 124 are the same as each other, the bright-
ness on the screen is uniform when a uniform image is dis-
played as illustrated in FIG. 11A. In addition, the measured
values (the measured values of the photometric sensor 31a)
for respective positions are also uniform.

Meanwhile, as illustrated in FIG. 10B, when the quantities
of light of some of the LEDs 12a are different from the
quantities of light of other LEDs 124, the brightness on the
screen is not uniform when a uniform image is displayed, as
illustrated in FIG. 11B. In addition, the measured values (the
measured values of the photometric sensor 31a) for respec-
tive positions are also non-uniform. Specifically, when the
quantities of light of some of the LEDs 12a (deteriorated
LEDs) are lower than those of other LEDs 124 due to the
deterioration thereof, and the like, the brightness of the areas
in the vicinity of the deteriorated LEDs is lower than that of
other areas. In addition, in the second embodiment, the mea-
suring surface of the front sensor unit is disposed along an
edge of the screen of the side at which the LEDs 12qa are
disposed. For this reason, when the patch image is displayed
at a position near the deteriorated LED, a measured value
largely different from the measured value obtained by dis-
playing the patch image at a position faraway from the dete-
riorated LED is obtained.

The non-uniform measured value as described above is
obtained even when there is a place at which the undesirable
light is generated at the time of performing the calibration
processing, such as when dust sticks to a part of the second
display area, and the like.

For this reason, according to the configuration of the sec-
ond embodiment, it may be determined whether there is an
area at which undesirable light is generated at the time of
performing the calibration processing by determining
whether the measured values for respective positions are uni-
form. It may be determined whether the measured values for
respective positions are uniform by, for example, determining
whether the measured value having the difference from the
measured values of other positions that is above a predeter-
mined value is present in the measured values for respective
positions. Further, it is possible to specify the area in which
theundesirable light is generated at the time of performing the
calibration processing by specifying a position at which the
patch image having the measured value largely different from
the measured values at other positions is displayed.

At the time of performing the calibration processing, after
the area in which the undesirable light is generated is speci-
fied at the time of performing the calibration processing by
the foregoing method, the parameters of the image processing



US 9,074,929 B2

11

may be determined based on the measured value obtained by
displaying the patch image in an area other than the specified
area.

When the non-uniform measured values are generated due
to the deterioration in the light sources of the backlight, the
brightness distribution (or, a distribution inverting the distri-
bution) of light from the BL light emitting surface may be
calculated based on the non-uniform measured values. Fur-
ther, the image processing that reduces the effect on the image
of the non-uniform light from the BL light emitting surface
may be performed on the image signal using the calculated
distribution.

When each light source can be driven independently, the
driving signals (driving voltage (current)) of respective light
sources may be controlled so that the brightness distribution
of light from the BL light emitting surface is uniform.

Note that, even though the second embodiment describes
an example of the case in which the plurality of light sources
is disposed along an edge (an edge of the bottom side) of the
screen, the plurality of light sources may be disposed along
multi edges of the screen. In this case, the front sensor units
are preferably disposed for respective edges at which the light
sources are disposed.

Further, the light source is not limited to the LED. The light
source may be a cold cathode tube, and the like.

Third Embodiment

Hereinafter, an image display apparatus according to a
third embodiment of the present invention will be described
with reference to some drawings. Further, a description of the
same configuration as that of the first embodiment will not be
repeated.

A structure of the image display apparatus and a display
module according to the third embodiment will be described
with reference to FIG. 12. FIG. 12 is a front view of a liquid
crystal panel 11 illustrating a front sensor unit according to
the third embodiment.

A general structure of the display panel according to the
third embodiment is the same as that of the first embodiment.
Specifically, the display panel according to the third embodi-
ment has the liquid crystal panel 11 and a backlight board 12
that is a direct type backlight in which a plurality of light
sources is disposed (at an approximately equidistance) at the
rear side of the liquid crystal panel 11. Further, the display
panel according to the third embodiment can be rotated about
an axis in a direction vertical to the screen. Specifically, an
image display apparatus 1 is supported by a stand 60 with
which the screen can rotate in the direction shown by the
arrow in FIG. 12.

In the third embodiment, the image display apparatus has
two front sensor units 30a and 305 (first photometric unit and
second photometric unit). The measuring surface of the front
sensor unit 30qa, that is the first photometric unit, is disposed
along a first edge that is one of four edges of the screen. The
measuring surface ofthe front sensor unit 305, that is a second
photometric unit is disposed along a second edge that is one of
the four edges of the screen, and is an edge vertical to the first
edge. Further, a second display area 11e of the screen is an
area having an L shape or a reverse L shape that face the
measuring surfaces of the two front sensor units 30a and 305.
In an example of FIG. 12, the measuring surface (the inci-
dence surface of a light guide plate) of the front sensor unit
30a is disposed along an edge at the right surface of the
screen. In addition, the tip of the bottom side of the light guide
plate (first light guide plate) of the front sensor unit 30q is
provided with a photometric sensor (first sensor). The mea-
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suring surface (the incidence surface of the light guide plate)
of the front sensor unit 304 is disposed along an edge at the
bottom surface of the screen. In addition, the tip at the left
surface of the light guide plate (second light guide plate) of
the front sensor unit 305 is provided with a photometric
sensor (second sensor).

The position of the measuring surface or the photometric
sensor is not limited to the foregoing position. For example,
the photometric sensors of the two front sensor units may be
provided at positions close to each other (for example, at the
lower right of the screen). Specifically, the tip at the bottom
surface of the light guide plate of the front sensor unit 30a
may be provided with the photometric sensor, and the tip at
the right surface of the light guide plate of the front sensor unit
305 may be provided with the photometric sensor. Further,
the front sensor unit may be provided so that the measuring
surface is disposed along the edge at the top surface or the left
surface of the screen.

Further, the second display area 11e of the screen may be
divided into two areas, that is, the area facing the measuring
surface of the front sensor unit 30a and the area facing the
measuring surface of the front sensor unit 304.

Next, the effect of the third embodiment will be described
withreference to FIGS. 13A and 13B. FIGS. 13A and 13B are
views illustrating the brightness distribution on the screen
when a uniform image is displayed. FIG. 13A is an example
of the case in which the length direction of the screen is a
horizontal direction, and FIG. 13B is an example of the case
in which the length direction of the screen is a vertical direc-
tion.

The functional components of the image display apparatus
according to the third embodiment are the same as those in
first and second embodiments (FIG. 6) and the method of the
calibration processing is the same as that in the second
embodiment. However, in the third embodiment, since the
second display area 11e has the L. shape or the reverse L.
shape, the position of the patch image is changed in two
directions of a horizontal direction and a vertical direction.
Specifically, the white patch images are sequentially dis-
played at the plurality of positions including the plurality of
first positions and the plurality of second positions, and the
measurement is performed by the photometric sensor. The
plurality of first positions are a plurality of positions arranged
in a direction along an edge (an edge of the screen) of a side
at which the front sensor unit 30a is provided, as the plurality
of positions within the area that faces the measuring surface
of'the front sensor unit 30« in the second display area 11e. The
second positions are a plurality of positions arranged in a
direction along an edge (an edge of the screen) of a side at
which the front sensor unit 304 is provided, as the plurality of
positions within the area that faces the measuring surface of
the front sensor unit 305 in the second display area 11e. In the
third embodiment, the patch image is measured by the pho-
tometric sensor while moving in the L shape or the reverse L
shape.

The measured value of each position may be a sum of the
measured value of the photometric sensor of the front sensor
unit 30a and the measured value of the photometric sensor of
the front sensor unit 305, or may be the measured value of any
one of the photometric sensors of the front sensor units 30a
and 305. For example, the measured value of the first position
may be the measured value of the photometric sensor of the
front sensor unit 30a. The measured value of the second
position may be the measured value of the photometric sensor
of the front sensor unit 305. When acquiring the measured
value of the photometric sensor of the front sensor unit 30a as
the measured value of the first position and acquiring the
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measured value of the photometric sensor of the front sensor
unit 305 as the measured value of the second position, the
patch images may be simultaneously displayed at the firstand
second positions.

The inside of the display module 10 is in an airtight state,
and heat generated at the LEDs 12q is released via a chassis
15 that is provided at the rear side of the backlight board 12.
When the LEDs 12a are disposed at the rear of liquid crystal
panel 11 at an equidistance, the temperature distribution
within the display module 10 (within the display panel), on a
surface parallel to the screen, represents the highest tempera-
ture at a center (a center in a direction between the left surface
and the right surface) of a top surface and represents a lower
temperature as approaching the end of the bottom surface of
the display module 10.

The LEDs 124 have temperature characteristics in which
the emission efficiency reduces as the temperature increases.
For this reason, the brightness distribution of light from the
backlight board 12, on the surface parallel to the screen, is the
darkest at the center of the top surface and is brighter as
approaching the end of the bottom surface of the backlight
board 12. As a result, when displaying a uniform image, as
illustrated in FIGS. 13 A and 13B, the brightness distribution
onthe screen is the darkest at the center of the top surface and
is brighter as approaching the end of the bottom surface of the
backlight board 12. As illustrated in FIGS. 13A and 13B, such
brightness distribution may occur in both cases where the
length direction of the screen is a horizontal direction and
where the length direction of the screen is a vertical direction.

According to the third embodiment, in the both cases
where the length direction of the screen is the horizontal
direction and where the length direction of the screen is the
vertical direction, the measuring surface of the front sensor
unit is disposed along an edge in a vertical direction of the
screen. The foregoing brightness distribution (or a distribu-
tion inverting the distribution) may be calculated from the
measured values of the plurality of positions arranged along
the edge in the vertical direction of the screen. Further, the
image signal may be subjected to the image processing using
the calculated distribution to reduce the effect of the non-
uniform light from the backlight board 12 on the image.

When each light source can be driven independently, the
driving signals (driving voltage (current)) of each light source
may be controlled so that the brightness distribution of light
from the backlight board 12 is uniform.

Note that, in the third embodiment, as illustrated in FIGS.
13A and 13B, when the screen of the display is rotated, the
temperature distribution of the LEDs is not stabilized imme-
diately after the rotation, and the brightness of the display
surface is not stabilized, either. For this reason, the configu-
ration in which the sensing starts after waiting for a predeter-
mined time (time until the brightness of the display surface is
stabilized) may be allowed. Alternatively, in this case, the
configuration in which the sensor value immediately after the
rotation is not used in the control may be allowed.

Further, the disposition of the sensor is not limited to the
disposition of FIG. 12. For example, as illustrated in FIG. 14,
the first light guide plate and the second light guide plate are
formed to have an L shape, and in each light guide plate, the
ends of sides at which the light guide plates are adjacent to
each other are provided with light emitting surfaces. In other
words, the first light guide plate and the second light guide
plate have the L shapes so that the light emitting surfaces of
the light guide plates are concentrated on one place. In an
example of FIG. 14, the first light guide plate has the light
emitting surface at the tip of the second light guide plate side
and the second light guide plate has the light emitting surface
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at the tip of the first light guide plate side. Further, as illus-
trated in FIG. 14, the sensor is disposed at a predetermined
angle so that the light receiving surface of the sensor receives
the light from the first light guide plate and the second light
guide plate. For example, the sensor is disposed so that the
light receiving surface of the sensor faces the light emitting
surface of the first light guide plate and the light emitting
surface of the second light guide plate. With such a configu-
ration, both ofthe light guided by the first light guide plate and
the light guided by the second light guide plate may be sensed
by one sensor. With the above configuration, only one sensor
is used and therefore, the variation in the detected values
between the sensors does not occur. As a result, the precision
of the sensing is increased compared to the case where the
plurality of sensors is used. Further, only one sensor is used
and therefore, costs may be reduced.

Note that, in the case of the configuration as illustrated in
FIG. 14, a reflective member of guiding (reflecting to the
sensor side) the light from each light guide plate to the light
receiving surface of the sensor may be separately formed, as
illustrated in FIG. 15. With such a configuration, the precision
of the sensing by the sensor may be more increased. The
disposition angle of the reflective member may be a prede-
termined angle (fixed value) or may be changed in synchro-
nization with the rotation of the screen so as to further
increase the precision of the sensing.

Further, the disposition configuration of the sensor is not
limited to the foregoing description. For example, as illus-
trated in FIG. 16, one sensor is held by a sensor holding part.
Specifically, the sensor may be held by the sensor holding part
so that the light receiving surface faces the screen. In the case
of the above configuration, the light emitting surfaces of the
first light guide plate and the second light guide plate just need
to face the light receiving surface. Further, the first light guide
plate and the second light guide plate just need to have the
reflecting surfaces that reflects the light incident from the
screen toward the light emitting surfaces. Alternatively, the
sensor may be disposed to face only the light emitting surface
of either of the light guide plates. For example, the sensor
holding part may be configured to move in parallel or rotate,
and the like, in synchronization with the rotation of the dis-
play so that the light emitting surface facing the light receiv-
ing surface of the sensor is switched from the light emitting
surface of one light guide plate to the light emitting surface of
the other light guide plate. With these configurations, both the
light guided by the first light guide plate and the light guided
by the second light guide plate may be sensed by one sensor.
Since only one sensor is used, the variation in the detected
values between the sensors does not occur. As a result, the
precision of the sensing is increased compared to the case
where the plurality of sensors is used. Further, only one sen-
sor is used and therefore, costs may be reduced.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-283560, filed on Dec. 26, 2011, and
Japanese Patent Application No. 2012-257593, filed on Nov.
26, 2012, which are hereby incorporated by reference herein
in their entirety.
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What is claimed is:

1. An image display apparatus, comprising:

adisplay panel configured to display an image on a screen;

and

a photometric unit configured to measure light incident

from the screen,

wherein the photometric unit includes:

a sensor configured to measure the incident light; and

a light guide unit configured to guide the incident light to

the sensor by refracting the incident light.

2. The image display apparatus according to claim 1,
wherein

an area of the screen includes a first display area that is an

area in which any image is displayed and a second dis-
play area which is adjacent to the first display area and
on which a predetermined image is displayed, and

the light guide unit is provided to face the second display

area of the screen.

3. The image display apparatus according to claim 1,
wherein the light guide unit includes:

an incidence surface to which the light to be measured is

incident; and

a light emitting surface emitting the light incident to the

incidence surface to the outside.

4. The image display apparatus according to claim 3,
wherein

the incidence surface is disposed along an edge of the

screen, and

a length of the incidence surface in a direction along the

edge of the screen is approximately the same as a length
of'the edge of the screen.

5. The image display apparatus according to claim 3,
wherein the incidence surface, the light emitting surface, or
both of these surfaces are provided with a plurality of first
depressions and protrusions.

6. The image display apparatus according to claim 3,
wherein the light guide unit further includes a reflecting sur-
face that reflects the light incident to the incidence surface
toward the light emitting surface.

7. The image display apparatus according to claim 3,
wherein the incidence surface is provided with a plurality of
second depressions and protrusions having a smaller pitch as
being farther away from the sensor.

8. The image display apparatus according to claim 3,
wherein the incidence surface is provided with a plurality of
third projections and depressions having a longer distance
between an apex portion of a protruded portion and a deepest
portion of a depressed portion as being farther away from the
sensor.

9. The image display apparatus according to claim 3,
wherein

a diffusing agent is added inside the light guide unit, and

a concentration of the diffusing agent is set so as to be

higher as the diffusing agent is farther away from the
sensor.

10. The image display apparatus according to claim 3,
wherein a length of the incidence surface in a direction ver-
tical to a direction along the edge of the screen in a surface
parallel to the screen is set to be longer as the incidence
surface is farther away from the sensor.
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11. The image display apparatus according to claim 3,
wherein

the display panel includes a liquid crystal panel and an edge

light type backlight in which a plurality of light sources
are disposed along the edge of the screen, and

the incidence surface is disposed along an edge of the

screen of a side at which the light sources are disposed.

12. The image display apparatus according to claim 3,
wherein

the display panel includes a liquid crystal panel and a direct

type backlight in which a plurality of light sources are
disposed at a rear side of the liquid crystal panel, and
the photometric unit includes:

a first light guide unit in which a measuring surface is

disposed along a first edge of the screen, and

a second light guide unit in which a measuring surface is

disposed along a second edge that is an edge of the
screen vertical to the first edge.

13. The image display apparatus according to claim 12,
wherein

the photometric unit includes a first sensor and a second

sensor,

the first light guide unit refracts the light incident from the

screen and guides the refracted light to the first sensor,
and

the second light guide unit refracts the light incident from

the screen and guides the refracted light to the second
sensor.

14. The image display apparatus according to claim 12,
wherein the first light guide unit and the second light guide
unit refract the light incident from the screen to guide the
refracted light to the sensor.

15. The image display apparatus according to claim 14,
wherein the sensor is disposed so that a light receiving surface
faces a light emitting surface of the first light guide unit and a
light emitting surface of the second light guide unit.

16. The image display apparatus according to claim 14,
wherein the photometric unit includes a reflecting unit that
reflects light emitted from the first light guide unit and light
emitted from the second light guide unit toward the sensor.

17. The image display apparatus according to claim 14,
wherein

the sensor is disposed so that the light receiving surface

faces the screen,

the light emitting surfaces of the first light guide unit and

the second light guide unit face the light receiving sur-
face, and

the first light guide unit and the second light guide unit have

reflecting surfaces that reflect the light incident from the
screen toward the light emitting surfaces.

18. The image display apparatus according to claim 1,
wherein the photometric unit is disposed at a side at which a
driving IC and a circuit board of the display panel are not
disposed.

19. The image display apparatus according to claim 1,
wherein the light guide unit collects the incident light to the
sensor.



